T he corneal epithelium shows a ''wound healing response'' in the event of a breach in its integrity. 1 However, in certain conditions the defect may not heal. 2 The pathogenesis of persistent epithelial defects may often be unclear 3 and the various causes as reported in literature are tear film abnormalities, intrinsic epithelial and basement membrane disorders, lid abnormalities, metabolic disturbances, iatrogenic, trauma, chemical burns, immunological disorders, neurogenic, nutritional, infectious, and inflammation. 4 5 Fetal bovine serum differentially modulates the clonal growth and differentiation of cultured limbal and corneal epithelium, 6 as well as increased migration. 7 We hypothesised that umbilical cord blood contains potentially useful growth factors, 8 9 and this study aimed to evaluate beneficial role of cord blood serum in persistent corneal epithelial defects.
PATIENTS AND METHODS
Sixty eyes of 59 patients with persistent epithelial defects were enrolled at random from the cornea service at our centre. A persistent epithelial defect was defined as ''a corneal epithelial defect persisting for at least 2 weeks with a minimum diameter of 2 mm along the greatest axis without improvement despite conventional treatment such as tear supplements and bandage contact lenses.'' Patients of any age group, preferably cooperative for digital photography, were included. Pregnant and lactating women, patients unable to give consent for the therapy, those with active ocular or lid infections, patients with lid abnormalities contributory to the epithelial defect, impending perforations, elevated intraocular pressure, and with severe limbal ischaemia were excluded from the study.
The patients were counselled regarding the nature of the study, the therapy being used and its potential benefits and adverse effects. Written informed consent was given. The study followed the tenets of the Helsinki declaration and was approved by the institutional review board. Patients underwent a thorough examination, which involved a comprehensive ocular and medical history and examination including record of the best corrected visual acuity and slit lamp biomicroscopy. Tear function tests, Schirmer's (basic) and tear break up time, were performed in all patients in both the involved and the fellow eye. Tactile intraocular pressure was recorded for each patient. A photographic documentation of the epithelial defect was done with and without fluorescein staining. The size of the epithelial defect was measured at its greatest dimension, along two perpendicular axes with a slit lamp micrometer and later also with digital image analysis software Image Pro Plus. 10 After examination the patients were first put on a 1 week washout period with normal saline drops and preservative free chloramphenicol drops to clear the epithelium of all toxic preservatives. They were then started on therapy with either umbilical cord serum or autologous serum after measuring the epithelial defect, the day of starting therapy being defined as day 0.
To carry out the randomisation a random number table was used to allocate each eye labelled from 1-60 to either of the groups. Each patient had his blood drawn for preparation of autologous serum, which was prepared according to the standard protocol at the ocular pharmacology department at our centre and returned with serum drops labelled as ''serum,'' which could be either autologous or cord blood serum. The drops were to be instilled in the affected eye six times a day with no other concurrent lubricant therapy. The allocation of the two groups was divulged after the study was completed, thereby masking both the patients and the investigator from previous knowledge of the groups to which they were assigned.
The umbilical cord blood was collected from mothers with uncomplicated caesarean section deliveries after obtaining informed consent and screening for the parenterally transmitted viral diseases, hepatitis B and C viruses, and HIV, investigations being repeated at the time of delivery if tested previously in the first trimester. The blood was collected by directly cannulating the umbilical vein by the component transfer bag (Terumo Penpol) plastic cannula with all sterile precautions after the baby was removed from the field and the umbilical cord was clamped with a plastic clamp. The blood was allowed to drain by gravity from the placenta. When the blood flow stopped, the needle was removed from the umbilical cord and the blood in the tubing was milked into the bag to maximise collection. No anticoagulants were used during the procedure. The blood was allowed to clot and the serum was centrifuged at 1500 rpm for 5 minutes to separate it completely. It was then diluted using sterile saline solution and dispensed in plastic containers as a 20% solution without any antibiotics. The serum was stored at 24˚C in a refrigerator. A culture for bacterial, fungal, and viral contaminants was sent on each occasion when a fresh serum batch was prepared. The patients using the serum were asked to store it in a cool place, preferably in a refrigerator or ice box and look out for thread-like floating objects in the serum. The autologous serum drops were also prepared from the patients' blood in the same manner.
The patients were followed up on days 3, 7, 14, 21. The variables recorded at each follow up visit were the best corrected visual acuity, the maximum size of the epithelial defect along two perpendicular axes measured with a slit lamp micrometer, and also a digital photograph of the same, a record of the side effects if any, and the digital intraocular pressure. After the 21st day the patients who did not heal were re-evaluated and were advised to have a tarsorrhaphy or an amniotic membrane transplantation.
Statistical analysis
Data were recorded on a predesigned proforma and managed on an Excel spreadsheet. All the entries were checked for any error. Distribution of categorical variables in the two groups was compared using the x 2 test. For quantitative variables following normal distribution we used mean and standard deviation as the summary statistics. For variables following non-normal distribution, we computed median (range) as summary statistics. The various baseline characteristics in the two groups were statistically compared. We found age as the only variable that was not similar in the two groups, therefore, we used repeated measures analysis to find out if age was a confounder. Student's t test was used to compare mean values in the two groups. Median values in the two treatment groups were compared using Wilcoxon rank sum test. STATA 7.0 statistical software was used for data analysis. In this study, a p value less than 0.05 has been considered as statistically significant.
RESULTS
Of 60 eyes of 59 patients enrolled, 29 were randomised to the autologous serum group and 31 to the cord serum group. One patient had both the eyes affected. The demographic profile and primary diagnoses of the patients is presented in Tables 1  and 2 .
At initial presentation most of the patients (78%) had a visual acuity of ,3/60. The distribution of visual acuities between the two groups was not significantly different.
A majority of the patients (63.3%, n = 38) had a Schirmer test of more than 10 mm in the first 5 minutes, 25% (n = 15) had a Schirmer test ranging between 5 mm and 10 mm, and the remaining 11.7% (n = 7) had a Schirmer test of less than 5 mm.
Of the 60 patients 48.3% (n = 29) healed on either therapy; 58.06% (n = 18/31) in the cord serum group and 37.93% (n = 11/29) in the autologous serum group (Pearson x 2 = 0.19). The total number of patients showing reepithelialisation in the different groups is shown in Table 3 . There was no significant gain in visual acuity in both the groups in cases showing complete re-epithelialisation.
The trend lines for the percentage of eyes that showed complete healing of the epithelial defect in the two groups at each of the follow up days are shown in Figure 1 . These were not significantly different. The median time for closure of epithelial defects was 12.32 days in the autologous serum group (Fig 2A-C) and 16.64 days in the cord serum group (Fig 3A-C) (p = 0.18). However, the percentage decrease in size of the epithelial defect as measured in terms of area and perimeter was different in the two groups, being significantly more in the cord serum group (Table 4) .
On further follow up of 1 month of the 29 patients who had healed, 21 patients remained on follow up and none of them showed a recurrence of the epithelial defect. Among the 31 patients who did not show complete healing at day 21 on either therapy 20 underwent a temporary lateral tarsorrhaphy, with a subsequent healing of the epithelial defect. Nine patients underwent an amniotic membrane transplantation (AMT) and at last follow up eight of those had a complete re-epithelialisation of the corneal surface. One patient who underwent AMT was lost to follow up. The remaining two patients in the failure group developed a perforation, one post-traumatic and the other following bacterial keratitis (developed 1 month after the patient stopped using serum). Both these patients underwent therapeutic penetrating keratoplasty. None of our patients from either group reported any adverse event during the therapy.
DISCUSSION
Healing of a corneal epithelial defect occurs in phases and is completed when the regenerated epithelium forms adhesions to the underlying stroma. 1 11 Common treatments available include tear supplementation 5 and bandage contact lenses, 12 tarsorrhaphy, 13 and elimination of potentially epitheliotoxic preservatives and drugs. 5 14 The newer treatments of treatment are amniotic membrane transplantation, 15 allolimbal/ autologous limbal cell transplant, 4 16 17 topical fibronectin, 18 19 growth factors, [20] [21] [22] [23] [24] tetracycline, 25 acetylcholine and propolis extract, 26 and a new biomaterial CxGelsix. 27 Treatment by reconstruction with cultured corneal epithelial cells 28 has also been tried.
Amniotic membrane transplantation has been shown to be effective in persistent epithelial defects resistant to conventional medical therapy. 15 17 A possible mechanism of action is that it is a source of growth factors essential to the proliferation of the residual stem cell population. 29 Likewise, autologous serum has been used in such circumstances to supply the ocular tissue with epidermal growth factor, vitamin A, transforming growth factor b, fibronectin, and other cytokines, 7 30 and differentially modulates the proliferation of corneal and limbal cells. 7 31 The recently recognised role of growth factors and the success of the amniotic membrane transplantation in the healing of persistent epithelial defect was the basis of our study. The cornea produces multiple growth factors such as epidermal growth factor (EGF) and fibroblast growth factor (FGF), neurotrophic growth factor which contribute to the maintenance of a healthy epithelial surface and its regeneration. 23 24 32 Tsubota et al 7 studied the in vitro cell migration in different concentrations of fetal calf serum and found them to be significantly higher than in serum free control media. The fact that fetal calf serum enhances cell migration and is very likely to be different from adult serum in terms of growth factors 6 7 warranted an evaluation. The reason why serum is of benefit to the ocular surface is not entirely clear but probably owes its efficacy to the presence of factors such as EGF, vitamin A, acidic and basic FGF, fibronectin, nerve growth factor, substance P, antiproteases like a2 macroglobulin, and enhanced mucin expression due to the serum. 7 30 Umbilical cord serum presumably has these factors in a higher concentration although a formal comparison of the exact levels of these factors in both the sera does not find a mention in the literature. The support for this presumption comes from the fact that umbilical cord serum has been used extensively as a source of stem cells in treating haematopoietic malignancies and fetal calf serum is used commonly for cell and tissue cultures. [6] [7] [8] A complete analysis of the growth factors in both cord blood serum and autologous serum would have eliminated all speculation but could not be accomplished for lack of facilities.
Our findings corroborated our hypothesis as we found a significantly higher rate of healing in the cord serum group when measuring the areas and perimeters on serial photographs in an automated manner using the software Image Pro Plus, thereby eliminating all measure of human error and accounting for irregular healing patterns. 11 The mechanism of action of umbilical cord serum is likely to be the same as that of autologous serum, the difference being probably a higher concentration of the growth factors, which may in fact stimulate a faster growth of stem cells and hence lead to a faster re-epithelialisation. Another important observation was that the epithelial defects increased in size over the first 3 days as evident from Table 4 (the ranges becoming negative). This biphasic response was similar to that reported by Dua et al. 11 Despite a faster rate of healing in the umbilical cord serum group the median time to closure of the epithelial defects was less in the autologous serum group probably because the epithelial defects treated with cord serum showed a considerably larger increase in size initially when compared to those in the autologous serum group.
In a report of 16 cases with persistent epithelial defect Tsubota et al 7 reported a 43.8% healing within 2 weeks and a further 18.8% within a month on autologous serum drops. A similar case series by Poon et a. 30 shows a healing in nine out of 15 cases with autologous serum drops in a mean period of 29 days with a recurrence in five eyes after cessation of serum therapy. To the best of our knowledge this is the first randomised controlled clinical trial evaluating the efficacy of umbilical cord serum. Our healing rate is comparable and a little faster, probably because of the washout given to the epithelial defects before commencement of the medication and non-administration of any epitheliotoxic drugs concurrently. Our aetiological groups and their distribution in the two treatment groups were heterogeneous; however, their distribution was not statistically different in the two groups of patients. As the basic cause of epithelial defect is different in various disease groups, it would be ideal to study each disease group separately. Our study corroborates the fact that serum, either umbilical cord or autologous as a 20% solution, is a safe and non-toxic preparation that can be easily prepared and used.
The risk of allergies and possibilities of transmitting parenterally transmitted organisms must also be kept in mind when using umbilical cord serum apart from the legal and ethical issues. A routine testing of the mothers and a rapid test on the sera for viral contaminants is warranted. When the event to the time between the testing of the mother for HIV and the preparation of cord serum from the placental blood is more than 6 months, HIV testing should be undertaken again at the time of serum delivery to account for the window period of the infection.
The recurrence of epithelial defects in patients with diagnoses similar to ours is known. 1 7 30 However it is noteworthy that none of the 21 patients who were on follow up for another month after complete re-epithelialisation showed a recurrence even at 3 months of follow up. Although the risk of a recurrence of epithelial defects in the patients lost to follow up cannot be denied, the trend in our group of patients does not entirely corroborate the theoretical risk. Also, it would have been worthwhile to evaluate the corneal sensitivity before and after therapy to find if there is a substantial difference or recovery with re-epithelialisation.
To conclude, we recommend that umbilical cord serum is an effective means of promoting epithelialisation and can be safely used.
